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Å Introduction: Searching for new physics  

 with flavour 

Å Explaining the anomalous magnetic moment of  

 the muon with new physics 

Åaµ and consequences for future measurements 

Å Correlations with the electron AMM and 

implications for the muon EDM 

Å Further Flavour anomalies and future prospects 
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Physics Beyond the Standard Model 
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ÅDark Matter existence established at 

cosmological scales 

- New weakly interacting particles 

ÅNeutrinos not exactly massless 

- Right-handed (sterile) neutrinos 

ÅMatter anti-matter asymmetry 

- Additional CP violating interactions 
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The SM must be extended!     
What is the underlying fundamental theory? 

New 
particles 

and 
interactions 

exist! 



Page 4 

ÅAt colliders one produces many (up to 1014) heavy quarks 

or leptons and measures their decays into light flavours 

Finding New Physics with Flavour 
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Flavour observables are sensitive to higher 
energy scales than collider searches 
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ÅSingle measurement from BNL 

ÅTheory prediction sound but challenging 

because of hadronic effects    this workshop 

 

ÅSoon new experimental results from Fermilab 

Muon Anomalous Magnetic Moment  

оˋ ŘŜǾƛŀǘƛƻƴ όƻǊŘŜǊ ƻŦ {a-EW contribution) 
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aµ and further hints for New Physics  
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Dipoles in the EFT 

Page 7 

Processes intrinsically connected 

Å Effective Hamiltonian 

 

Å Anomalous magnetic moment 

 
 

Å Electric Dipole moment 

 
Å Radiative Lepton decays 
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ÅEffect of the order of the EW-SM contribution 

needed    

 enhancement necessary 

ÅLight particles 

ÅNeutral scalars 

ÅNeutral vector (Zô Dark Photon) 

ÅALP (axion like particle) 

ÅChiral enhancement: Chirality flip does  

not come from the muon mass but rather  

from a NP mass inside the loop 

Explaining the Muon AMM  

Light particles or/and chiral enhancement 
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Huge 
literature 
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aȉ: MSSM 

tan(ß) enhanced slepton and sneutrino loops 
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e.g. D. Stockinger, 
hep-ph/0609168 
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ÂChirally enhanced effects via top-loops 
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Leptoquarks in aȉ 

ZҦ˃  ˃at future colliders 
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E. Leskow, A.C., G. D'Ambrosio, D. Müller 
arXiv:1612.06858 

P. Arnan, D. Becirevic, F. Mescia, O. Sumensari, 
arXiv:1901.06315 [hep-ph] 
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Left-, right- 
handed 
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coupling 



ÂChirally enhancement of m /̱mµ 
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2HDMs  

Unavoidable constraints from hҦˍ ˃
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AC, D. Müller, C. Wiegand 
arXiv:1903.10440 

Y. Abe, T. Toma, K. Tsumura 
arXiv:1904.10908 
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Future Implications of a µ 

aµ 
Z,hҦҡҡ d  ˃
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Correlations with the 
AMM of the electron  

AC, M. Hoferichter, P. Schmidt-Wellenburg, arXiv:1807.11484 

See also 
 

 H. Davoudiasl, W. J. Marciano, arXiv:1806.10252 

Jia Liu, Carlos E.M. Wagner, Xiao-Ping Wang, arXiv:1810.11028 

Χ 
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ÅAMM usually used to determine Ŭ 

ÅWith now best determination of h  from Cs atoms 

 

ÅCompared to the electron AMM measurement 

 

ÅNormalized to the lepton mass 

 

Electron AMM  

нΦр ˋ ŘŜǾƛŀǘƛƻƴ ǿƛǘƘ ƻǇǇƻǎƛǘŜ ǎƛƎƴ ǘƘŀƴ ŀ ˃
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ÅOpposite sign:   no single light mediator  

ÅNo Minimal Flavour Violation: 

 

      generic flavour structure 

ÅNew physics with common couplings to µ and e 

 

    8 orders of magnitude too large  

Common explanation of aȉ and ae 
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  Muon and electron sector must be decoupled 

2 2
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Works for ae but tension with a˃ 

Model with new vector -like leptons  



Future experimental sensitivity  
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Fermilab/J-PARC 

PSI (frozen spin) 

Dedicated experiment needed? 



Implications for Muon EDM  

MFV 
a >˃0  

small ae>0 small d˃  

Generic 
chiral 

enhance
-ment 
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Future Implications of a µ 

aµ 
Z,hҦҡҡ d  ˃
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Including  
LFVU  

in bҦǎƭƭ 


